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© Paging apparatus having a battery saving function. 


® A paging apparatus having a battery saving 
function comprises a power supply to a radio circuit 
and a power supply control circuit Power is turned 
on periodically in synchronization with the detection 
of synchronization signals and is turned off respon- 
sive to the detection of a predetermined sequence. 
The power supply to the radio circuit remains 
switched off for a predetermined time period in re- 
^sponse to the detection of the predetermined se- 
^quence in a specific code addressed to the paging 

_ apparatus. 
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PAGING APPARATUS HAVING A BATTERY SAVING FUNCTION 


FIELD OF THE INVENTION 

This invention relates to the field of radio pag- 
ing systems in which paging signals are broadcast 
from a base station to a plurality of pagers by way 
of radio channels and, more specifically, to a pag- 
ing system in which the batteries of pagers are 
efficiently saved. 


DESCRIPTION OF THE RELEVANT ART 

Generally, it is required to reduce power con- 
sumption in pagers used in radio paging systems 
since they are battery powered, the battery having 
a limited power capacity. 

According to prior art system, to reduce con- 
sumption of the battery in pagers, all pagers in a 
paging system are divided into several groups and 
the supply of power to a radio receiver section 
from the battery is periodically turned off in a pager 
so that only paging signals to the group to which 
the pager belongs are received. 

Fig. 1 shows a known signal format used in a 
paging system with a conventional battery saving 
function. Referring to Fig. 1(a). all pagers in the 
system are divided into M groups, for example, 15 
groups. A base station repeatedly broadcasts a 
frame signal consisting of M group signals. Each 
group signal includes preamble words and N pag- 
ing word (Fig. 1(b)) where N. for example, is 20. 
The preamble word includes a predetermined sig- 
nal sequence for synchronization of received sig- 
nals and. a group designation signal for showing 
that the following paging words are addressed to 
pagers belonging to the group designated by the 
group designation signal. Each paging word in- 
cludes data bits and check bits (Fig. 1(c)). The data 
bits consisting of X bits represents an identification 
number of paged (called) pagers. The check bits 
consisting of Y bits are for correcting an error in 
the data bits. The paging word consisting of data 
bits and check bits may be a so-called (31, 16) 
BCH code in which 15 check bits are appended to 
16 data bits. 

Receiving a paging request to a pager from a 
land line telephone via a paging exchange, the 
base station inserts an identification number cor- 
responding to the paged pager into data bits of one 
of paging words when paging words of a group to 
which the pager belongs are to be broadcast If a 
pager belongs to group 2, the pager automatically 
turns on power supply to a radio receiver section 
thereof only when paging words for group 2 are 


broadcast as shown in Fig. 2. This is indicated as 
the "reception state." Since paging words are 
broadcast periodically at a predetermined time in- 
terval, (once per frame) if the pager once synchro- 

s nizes to a timing schedule in which the paging 
words of group 2 are broadcast, turning on/off of 
power supply to a radio section is thereafter auto- 
matically repeated. 

A problem with the conventional battery saving 

to technique is that power supply to the radio receiver 
remains section on throughout the duration when 
paging words to a group are to be broadcast 
whether paging words to a particular paging device 
of that group are actually broadcast or not. For 

75 example, in the middle of the night paging requests 
do not occur so frequently. Consequently, despite 
the fact that no paging words are broadcast to a 
pager, the pager will repeatedly turn on or off the 
power supply to the radio receiver section and 

20 consume the pager's battery wastefully. Further- 
more, even when the paging word to a particular 
pager is to be broadcast, power supply to the radio 
receiver section is not turned off responsive to the 
detection of the paging word to the pager, but just 

25 turned off periodically in accordance with a battery 
saving cycle. 


30 


SUMMARY OF THE INVENTION 


It is accordingly an object of the present inven- 
tion to provide an improved paging apparatus for 
efficiently saving the pager's battery. 

It is a further object of the present invention to 

35 provide an improved paging apparatus in which 
power supply to a radio receiver section thereof is 
efficiently turned off. 

It is a further object of the present invention to 
provide an improved paging apparatus which turns 

40 off power supply to a radio receiver section thereof 
responsive to the reception of a predetermined 
signal sequence or of a paging signal to the paging 
apparatus while continuing to periodically turn on 
the power supply. 

45 It is still a further object of the present inven- 

tion to provide an improved paging system for 
turning off power supply to a radio receiver section 
thereof for a predetermined period responsive to 
the reception of a predetermined signal sequence. 

so To achieve one or more of the objects, as 

embodied and described herein, the invention com- 
prises receiving means for receiving signals broad- 
cast over a predetermined radio channel; signal 
detecting means responsive to said receiving 
means for detecting synchronization signals and a 
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predetermined signal sequence; power supply 
means for supplying said receiving means with 
power; power supply control means for controlling 
said power supply means so that power supply to 
said receiving means is switched on for determined 
periods in response to the detection of said syn- 
chronization signals in the absence of said pre- 
determined signal sequence and then switched off 
and is also switched off in response to the detec- 
tion of said predetermined signal sequence. 

The problems and related problems of prior art 
paging apparatus are solved by the principles of 
the present invention. In this invention, power sup- 
ply to the receiving means is turned off both in 
response to the detection of a paging code to the 
paging apparatus, and in response to a specific 
code which indicates that there will be no paging 
code for a predetermined time period. Therefore, 
power which would have been consumed by keep- 
ing the pager turned on for a predetermined time 
period in the conventional battery saving technique 
may be saved. Furthermore, since power supply to 
the receiving means is kept turned off, without 
being turned on periodically, for a predetermined 
time period responsive to the detection of the spe- 
cific code, power consumption may be saved at 
times of the day when paging requests do not 
occur so frequently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1(a) to 1(c) are diagrams showing 
data formats used in a conventional paging system; 

Figures 2(a) and 2(b) are diagrams for ex- 
plaining a conventional battery saving technique; 

Figures 3(a) to 3(c) and 4(a) and 4(b) are 
diagrams for explaining one example of battery 
saving operation in accordance with the invention; 

Figures 5(a) and 5(b) are diagrams for ex- 
plaining another example of battery saving opera- 
tion in accordance with the invention; 

Figure 6 is a block diagram of a base station 
in accordance with the invention; 

Figure 7 is a block diagram of paging ap- 
paratus in accordance with the invention; 

Figure 8 is a flow chart of an algorithm 
showing the operation of the paging apparatus. 

DETAILED DESCRIPTION 

A preferred embodiment of the present inven- 
tion will be described with reference to the accom- 
panying drawings. 

Figs. 3(a) to (c) and Figs. 4(a) and (b) are 
diagrams for explaining one example of a battery 
saving operation of a pager according to one em- 


bodiment of the present invention. 

Referring to Figs 3(a) and (b), when there are 
no paging words to be broadcast to a group, for 
example, to group 2. a specific code is inserted in 
5 an area where paging word 1 would have been 
inserted at a base station in a conventional tech- 
nique. The specific code consists of 16 bits of "I" 
followed by its check bits and is. consequently, 
distinguishable from any other paging words. 
70 Referring to Fig. 3(c), after receiving these sig- 

nals broadcast by the base station, a pager belong- 
ing to. for example, group 2 detects the specific 
code by comparing the received specific code with 
a specific code prestored in its memory after de- 
75 tecting a preamble v/ord. Then the pager recog- 
nizes that there will not be any paging words for 
group 2 and turns off power supply to a radio 
receiver section of the pager immediately after 
detecting the specific code. 
20 Furthermore, referring to Fig. 4, when a pager 

turns on again at the appropriate time for group 2 
of the next frame in the conventional battery saving 
operation, the pager according to this embodiment 
continues to stay off until the following (n = 3, in 
25 Fig. 4) frames have passed and turns on again at 
the time for group 2 of the (n + 1)th frame. It 
should be noted that turning on power to obtain a 
preamble word at each frame is also not per- 
formed. Thereafter the pager resumes its usual 
30 battery saving operation until the specific code is 
detected. In Fig. 4 the specific code is detected 
again at frame 7. From the above explanation, the 
pager may save power consumption since the 
pager does not supply power to a radio receiver 
35 section immediately from the time the specific 
code is detected until the following n frames have 
passed. In the case that the base station is de- 
signed to broadcast a paging word more than (n + 
1) times per a paging request, i.e., a paging word 
40 responsive to a paging request is continuously 
included in more than (n + 1) frames, the pager 
has at least one chance to get a paging signal even 
if the pager stops receiving signals for the duration 
in which n frames are broadcast. 
45 Figs. 5(a) to (b) are diagrams for explaining 

another example fo a battery saving opeation ac- 
cording to the embodiment of the present inven- 
tion. 

Referring to Figs. 5(a) and 5(b), when there is a 
so paging word to a pager, which is inserted at the 
mth paging word (m = 2 in Fig. 5(a)) in a group 
signal, the pager detects the paging word to the 
pager by comparing data bits in the paging word 
with a prestored unique identification number. A 
55 conventional pager continues to supply power to a 
radio section thereof through the duration when the 
paging words to the group to which the pager 
belongs are broadcast even after a paging word to 
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the particular pager is detected. According to the 
invention the pager turns* off power supply to a 
radio section immediately after the paging word to 
the particular pager is detected even if other pag- 
ing words for other pagers of the group are to be 
subsequently broadcast (Fig. 5(c)). 

Fig. 6 is a block diagram showing a modified 
arrangement of a base station according to the 
embodiment of the present invention. 

Referring to Fig. 6, base station 600 comprises 
trunk circuit 601 for receiving paging requests with 
pager numbers to be paged from a paging tele- 
phone exchange and a memory circuit 602 for 
storing pager numbers to be paged, which are sent 
from trunk circuit 601. Base station 600 further 
comprises paging codes and specific codes gener- 
ator 603 for generating data bits corresponding to 
the pager numbers to be paged or specific codes 
indicative of the absence of pager numbers to be 
paged and their check bits, idle codes generator 
604 for generating idle codes indicative of vacancy 
of paging words, preamble words generator 605 for 
generating preamble words including synchronizing 
words and group designation signals, timing control 
circuit 606 for providing timing signals to paging 
codes and specific codes generator 603, and gate 
circuit 607. Gate circuit 607 selectively outputs 
signals provided by paging codes and specific 
codes generator 603, idle codes generator 604, or 
preamble words generator 605. Modulator 608 
modulates an output signal from gate circuit 607 
onto a radio carrier for transmission. Transmitter 
609 transmits signals provided by modulator 608. 
Central processing unit (CPU) 610 controls the 
overall operations of base station 600. 

CPU 610 checks for the presence of paging 
numbers to be paged of a particular group in 
memory circuit 602 when paging words for the 
group are to be broadcast If at least a paging 
number to be paged is stored in memory at that 
time, CPU 610 controls each circuit so that paging 
words corresponding to the paging numbers are 
broadcast as would occur in a conventional system. 
In this embodiment, a paging word is broadcast 
five times for each paging request. 

On the other hand, when there are no paging 
words of a group in memory circuit 602 when it is 
time in the frame when paging words for the group 
are to be broadcast CPU 610 controls paging 
codes and specific codes generator 603 so that a 
specific code indicative of the absence of paging 
codes is generated from paging codes and specific 
codes generator 603 and controls timing control 
circuit 606 so that the specific code is followed by 
an idle code indicative of vacant paging words, 
which is generated in idle codes generator 604. 
These signals are broadcast via gate circuit 607, 
modulator 608, and transmitter 609 after transmis- 
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sion of a preamble word corresponding to the 
groups under control of CPU 610 over channel 611. 

Figure 7 is a block diagram showing an ar- 
rangement of paging apparatus according to the 
5 embodiment of the present invention. 

Referring to Fig. 7, paging apparatus 700 com- 
prises radio receiver circuit 701 for receiving pag- 
ing signals broadcast from the base station over 
channel 611, error correcting circuit 702 for cor- 
io recting errors in the data bits on the basis of the 
following check bits, read only memory (ROM) 703 
for storing an identification number of the pager 
specific code data and other permanently stored 
data, battery 704 for supplying power to each cir- 
75 curt, and battery saving circuit 705 for providing 
radio circuit 701 electric power from battery 704 in 
response to a control signal. Control circuit 706 
checks for received paging signals, generates an 
alarm signal, and provides the control signal to 
20 battery saving circuit 705. Clock generator 707 
applies clock signals to control circuit 706. Am- 
plifier 708 amplifies the alarm signal from control 
circuit 706, and a loudspeaker 709 sounds an 
alarming beep tone responsive to the amplified 
25 alarm signal. 

Next the operation of the paging apparatus in 
accordance with the embodiment will be described 
in detail with reference to the flow chart of Fig. 8. 
The algorithm is typically stored in ROM 703 but 
30 may be stored in memory of control circuit 706. 

Referring to Fig. 8, when switch 710 is turned 
on (step 801), each circuit except radio circuit 701 
is powered by battery 704. Count value C in a 
register of control circuit 706 is set to zero (step 
35 802). The count value C represents how many 
times a paging word to the pager is detected. 
Control circuit 706 controls battery saving circuit 
705 by sending the control signal so that radio 
circuit 701 is supplied power from a battery 704 
40 (step 803). In radio circuit 701. a synchronization 
signal is detected. The synchronization signal is 
checked to determine whether the following group 
designation signal indicates the group to which the 
pager belongs. Thus, a preamble word consisting 
45 of synchronization signals and the group designa- 
tion signal is detected (step 804) by comparing a 
received group designation number with one stored 
in memory 703. 

Responsive to detection of a preamble word, 
so control circuit 706 sets timer 707 to zero (step 805) 
and checks the subsequent first paging word ap- 
plied from radio circuit 701 via error correcting 
circuit 702. In error correcting circuit 702, signal 
errors contained in the data bits are corrected on 
55 the basis of the following check bits. Therefore 
corrected data bits are applied to control circuit 
706. Control circuit 706 determines whether the 
subsequent first paging word comprises a specific 
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code by comparing the data bits of the paging 
word with the specific code read from ROM 703 
(step 806). 

If a specific code is detected in the first paging 
code, control circuit 706 sends the control, signal 
to battery saving circuit 705 so that power supply 
from battery 704 to radio section 701 is turned off 
(step 807). Then control circuit 706 checks timer 
707 set in step 805 whether time period Ti has 
elapsed or not (sept 808). In this embodiment, time 
period Ti approximately corresponds to a period of 
transmission for four frames lacking a paging word 
and a preamble word, when time period Ti had 
passed, the operation of the pager returns to step 
803. 

If the specific coce is not detected in step 806, 
control circuit 706 checks whether there is a pag- 
ing word addressed to the pager among the re- 
ceived paging words by comparing data bits in- 
cluded in the received paging words with the 
pager's identification number read from ROM 703 
one by one (step 809 and 810). When data bits 
included in a paging word match with the identifica- 
tion number, control circuit 706 checks the count 
value C in the register (step 812) after incrementing 
one (step 811). 

In this embodiment an alarm indication to the 
user is generated in response to a paging word to 
the pager being continuously detected two times. 
Therefore, if the count value C equals two, control 
circuit 706 generates an alarm signal having a 
predetermined signal frequency for a predeter- 
mined time period/The alarm signal is output from 
loudspeaker 709 as a beep tone after being am- 
plified by amplifier 708 ( step 813). Then control 
circuit 706 sends the control signal to battery sav- 
ing circuit 705 so that power supply from battery 
704 to radio section 701 is turned off (step 815) 
after resetting the count value C to zero (step 814). 
If the count value C does not equal two, the opera- 
tion of the pager proceeds to step 815 without 
indicating an alarm and resets the count value C. In 
either case, when a paging word to the pager is 
first detected, the operation of pager then proceeds 
to step 815 without checking the rest of the paging 
words. Therefore power which would have been 
consumed for checking other paging words may be 
saved. 

Also if there are no paging words addressed to 
the pager among the received paging words, the 
operation of the pager proceeds to step 815 for 
battery saving after resetting the count value C to 
zero (step 814). The control circuit 706 checks 
timer 707 set in step 805 whether time period T2 
has passed or not (step 816). Time period T 2 . 
approximately corresponds to a period for one 
frame lacking a group signal. When time period T2 
has passed, the operation of the pager returns to 


step 803. 

Even though a paging word is broadcast from 
the base station five times for each paging request, 
i.e., a paging word responsive to a paging request 

5 is continuously included in five frames and the 
pager indicates an alarm after only two successful 
receptions of a paging word to the paper and stops 
receiving signals for a duration of three frames 
broadcast in the above mentioned embodiment, the 

70 number of times may be variable depending on the 
system configuration. Still while time period Ti is 
fixed in the above-mentioned embodiment time 
period Ti may be variable in responsive to in- 
formation provided by the base station. In this 

75 case, the specific code may include the information 
concerning the duration of the time period Ti. 
Consequently, the base station may reflect a longer 
duration Ti in the early morning hours. 

20 

Claims 

1. Paging apparatus comprising: 

receiving means for receiving signals broadcast 

25 over a predetermined radio channel; 

: signal detecting means responsive to said receiv- 
ing means for detecting synchronization signals 
and a predetermined signal sequence; 
power supply means for supplying said receiving 

30 means with power; 

power supply control means for controlling said 
power supply means, power supply to said receiv- 
ing means being periodically switched on for a 
predetermined period in response to the detection 

35 of said synchronization signals and in the absence 
of said predetermined signal sequence, and is also 
switched off when said predetermined signal se- 
quence is detected. 

2. The apparatus of claim 1 wherein said pre- 
40 determined signal sequence is a specific code in- 
dicating an absence of paging codes for a pre- 
determined period of time. 

3. The apparatus of claim 2 wherein said power 
supply control means further controls said power 

45 supply means so that power supply to said receiv- 
ing means remain switched off for a predetermined 
time period. 

4. The apparatus of claim 3 wherein the pre- 
determined time period is defined responsive to 

so information included in said predetermined signal 
sequence. 

5. The apparatus of claim 1 wherein said pre- 
determined signal sequence is a paging code to 
the paging apparatus. 

55 6. The apparatus of claim 5 wherein said signal 

detecting means comprises memory means for 
storing an identification code of the paging appara- 
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tus and comparing means for comparing the sig- 
nals received by said receiving means with said 
identification code. 

7. The apparatus of claim 6 wherein said signal 
detecting means further detects a group designa- 
tion signal indicative of the possibility that said 
paging code to the paging apparatus is broadcast 
before the subsequent synchronization signals are 
broadcast. 

8. The apparatus of claim 7 wherein said signal 
detecting means detects said paging code respon- 
sive to the detection of both of said synchronization 
signals and of said group designation signal. 

9. The apparatus of claim 8 further comprises 
indicating means for indicating reception of said 
paging code in response to the detection of said 
paging code for a predetermined number of times. 

10. Paging apparatus comprising: 

receiving means for receiving signals broadcast 
over a predetermined radio channel; 
power supply means for supplying said receiving 
means with power; 

signal detecting means responsive to said receiv- 
ing means for detecting a first predetermined sig- 
nal sequence including a group designation signal 
indicative of the possibility that a paging signal to 
the paging apparatus follows said first predeter- 
mined signal sequence within a predetermined 
time duration and for detecting a second predeter- 
mined signal sequence from signals received within 
said predetermined time duration; 
time measuring means responsive to the detection 
of said first predetermined signal sequence for 
measuring time passage; 

power supply control means for controlling said 
power supply means so as to terminate power 
supply to said receiving means when the time 
measured by predetermined signal sequence and 
said second predetermined signal sequence are 
detected. 

1 1 . Paging system comprising; 

a base station including broadcasting means for 
periodically broadcasting synchronization signals 
which are followed by a specific code signal in 
response to absence of paging requests; 
a paging apparatus including receiving means for 
receiving signals from said base station, directing 
means for detecting said synchronization signals 
and said specific code signal, power supply means 
for supplying said receiving means with power, and 
power supply control means for controlling said 
power supply means so that power supply to said 
receiving means is turned off for a predetermined 
time period in response to the detection of said 
specific code signal. 

12. A base station apparatus for use in a pag- 
ing system comprising; 

first generating means for periodically generating - 


synchronization signals; 

second generating means responsive to presence 
of one or more paging requests for generating one 
or more paging signals corresponding to said pag- 

s ing requests and, responsive to an absence of said 
paying requests, for generating a specific code 
signal indicative of no paging signals; 
broadcasting means coupled to said first generat- 
ing means and second generating means for 

io broadcasting said synchronization signals followed 
by the signals generated by said second generat- 
ing means. 

13. The apparatus of claim 12 further com- 
prises third generating means for generating idle 

75 signals and wherein said broadcasting means 
broadcasts said idle signals between the signals 
following said synchronization signals and the sub- 
sequent synchronizing signals. 

14. A method of paging one or more pagers 
20 from a base station in response to one or more 

paging requests, comprising the steps of: 
periodically broadcasting synchronization signals 
which are followed by one or more paging signals 
in response to the presence of the paging requests 

25 and are followed by a specific code signal indica- 
tive of no paging signals in response to an absence 
of paging requests over a predetermined radio 
channel from said base station; 
receiving signals broadcast through said predeter- 

30 mined radio channel in synchronization with said 
synchronization signal received at a pager; 
terminating receipt of the signals in response to the 
reception of said specific code signal; and 
alerting a user of the pages in response to the 

35 reception of said paging signal to the pager. 
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